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ABSTRACT

Increasingly shoulder dislocations and instabilities are being recognized
among athletes as a common disabling condition in the health care setting
today.
Dislocations of the shoulder represent approximately 50% of all major
joint dislocations. Of these shoulder dislocations, 95% are anterior dislocations.
After a primary anterior dislocation, recurrence of dislocation occurs in 90% to
95% of patients in their mid 20s or younger. A high percentage of these injuries
occur in repetitive athletic activities in which large forces and high velocities are
produced, such as hockey, football, and baseball.
Consequently with the recognition of instability as the primary etiological
factor for many forms of shoulder dysfunction syndromes, an accurate
diagnosis and efficient treatment plan of shoulder disability in a group of
athletes can be facilitated.
The purpose of this study is to review the literature to describe the
mechanisms of injury and factors promoting recurrent dislocations, review
common surgical interventions, present a treatment protocol devised for
athletes with recurrent anterior dislocation of the glenohumeral joint, and
compare rehabilitation protocols following a Bristow surgical repair procedure to

vii

a Bankart repair protocol. This type of literature review will provide updated
information on clinical implications of recurrent anterior dislocations and outline
the differences in rehabilitation protocols following surgery. This information will
be of value for physical therapists treating patients with this diagnosis. By
knowing the anatomy involved in the various surgical procedures and the
treatment protocol for the particular surgery performed on the patient, physical
therapists can effectively provide treatment.
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CHAPTER 1
INTRODUCTION

The shoulder complex, as the name implies, is an extremely complicated
anatomical region that can sustain numerous sports injuries. Shoulder joint
dislocation is the second most common dislocation in sports. 1 Dislocations of
the shoulder (glenohumeral joint) represent approximately 50% of all major joint
dislocations. Of these shoulder dislocations, 95% are anterior dislocations. 1
With increased mobility, an accompanied loss of stability may pose problems.
This is especially true for an athlete where excessive mobility has resulted from
external rotation, anterior humeral head displacement, and the effects of
repetitive high velocity and force movements. 2
Anterior dislocation of the shoulder is an injury that is usually caused by
a fall on the hand or in repetitive activities. The head of the humerus is driven
forward, tearing the capsule or avulsing the glenoid labrum, resulting in the
humeral head being positioned just below the coracoid process. 3 There may
be an associated fracture of the proximal end of the humerus. Recurrence of
dislocation occurs in 90% to 95% of the time in patients in their mid 20s or
younger who have experienced primary anterior dislocation. 4 ,5 In these cases,

1

2
there has usually been some damage to the bones that form the joint, or the
capsule and labrum may have been stripped from the margin of the glenoid.
Of these anterior dislocations, a high percentage occurs in athletes who
participate in repetitive athletic events in which large forces and high velocities
are produced. 3 These activities include collision sports, throwing, blocking,
tackling, or rolling. Following injury, the athlete displays a flattened deltoid
contour and carries the arm is slight abduction and external rotation. 3
Increasingly, shoulder instabilities are being recognized among athletes, and
symptoms arising from this problem can be quite disabling. The causes of
shoulder instabilities, as classified by Skyhar, Warren, and Altchek,1 consist of
macrotraumatic, atraumatic, microtraumatic (repetitive use), congenital, and
neuromuscular. Good results have been reported after surgical treatment of
traumatic recurrent shoulder dislocations,6,7,8,9 but soft-tissue reconstruction
usually fails to stabilize the joint in patients with nontraumatic shoulder
instability.1O,11,12 Nontraumatic shoulder instability is normally confined to
adolescence, 10,12 and there is no history of significant injury. These patients
often have generalized joint laxity 13 with a large range of shoulder motion, and
they often have muscular imbalance. 11 ,14, 15 It is also reported that patients
could experience shoulder disability from subluxation without an awareness of
displacement. 16 By recognizing instability as the primary etiologic factor for
many forms of shoulder dysfunction syndromes, an accurate diagnosis and
efficient treatment plan of shoulder disability in a group of athletes can be
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facilitated. In light of these statistics, the purpose of this paper is to describe
the mechanisms of injury and factors promoting recurrent dislocations, review
some common surgical interventions, present a protocol for rehabilitation of
recurrent anterior dislocation of the glenohumeral joint for athletes with
emphasis on the Bristow surgical technique. Lastly, clinical implications relative
to physical therapy will be discussed. This paper will include an overview of the
joint involved, the biomechanics of injury, theories and complications behind
recurrent dislocation, and a rehabilitation protocol for athletes up to return to
participation in the sport.

CHAPTER 2
LITERATURE REVIEW

Anatomy: Overview of the Shoulder Joint
Dislocation of the shoulder joint is a common injury not only due to the
demands put on the joint, but also because of the structure of the joint itself.
The shoulder joint is one of the body's most complex articulation with 3 bones,
4 joints, 12 ligaments, and over 15 muscles. 1.17
The bones that comprise the shoulder complex and shoulder joint are
the clavicle, scapula, and humerus (Figure 2.1.).1.17 The clavicle supports the
anterior portion of the shoulder, keeping it free from the thoracic cage. It
extends from the sternum to the tip of the shoulder where it joins the acromion
process of the scapula. The shape of the medial two thirds of the clavicle is
primarily circular with a bend convexly forward, whereas the lateral one third
assumes a flattened appearance and is conclave. The point at which the
clavicle changes shape and contour presents a structural weakness with the
largest number of fractures occurring at this point.
The scapula serves mainly as an articulating surface for the head of the
humerus. 1.17 The scapula is located on the dorsal aspect of the thorax; it has

4
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Fig 2.1 .-8ones that comprise the shoulder complex and the shoulder joint are
the dpvicle, scapula, and humerus. (Reprinted with permission from Ciba
Pharmaceuticals Division, The Atlas of Human Anatomy, and The Ciba
Collection of Medical Illustrations, Ciba-Geigy Corporation, Summit, NJ.)
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two prominent projections, the spine and the coracoid process. The glenoid
cavity is also situated on the scapula.
The head of the humerus is spherical, with a shallow, constricted neck; it
faces upward, inward, and backward, articulating with the scapula's shallow
glenoid fossa. 1,17 Circumscribing the humeral head is a slight groove called the
anatomical neck, which is the attachment of the articular capsule of the
glenohumeral joint. The humerus also consist of the greater and lesser
tuberosities with the bicipital groove lying between the two.
In all, there are four major articulations associated with the shoulder
complex: the sternoclavicular joint, the acromioclavicular joint, the
coracoclavicular joint, and the glenohumeral joint. 1,17 The sternoclavicular joint
articulation is the contact of clavicle to the manubrium. This is the only direct
connection between the upper extremity and the trunk. The sternoclavicular
joint has a fibrocartilagenous disk that inserts between the two articulating
surfaces. It functions as a shock absorber against the medial forces and helps
to prevent any superior displacement. The sterno-clavicular joint is very weak
because of its bony arrangement, but it is held securely by strong ligaments
that tend to pull the sternal end of the clavicle downward and toward the
sternum, in effect, anchoring it. The main ligaments are the anterior and
posterior sternoclavicular, which prevent upward displacement of the clavicle;
the costoclavicular, which prevents lateral and upward displacement of the
clavicle; and the interclavicular, which prevents lateral displacement of the
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clavicle. Some of the support is given to the sternoclavicular joint by the
subclavius, sternocleidomastoid, and sternohyoid muscles. The joint is very
strong and will "usually" fracture before it is displaced. This joint has two axes
and 2° of freedom of motion. The clavicle is able to move in the horizontal and
vertical planes. Anterior and posterior glide of the lateral clavicle occurs in the
horizontal plane, and superior glide and inferior glide occur in the vertical plane.
The acromioclavicular joint is a gliding articulation of the lateral end of the
clavicle with the acromion process. 1,17,18 This is a plane joint, and the joint
surface is covered with fibrocartilage versus hyaline cartilage. It slopes
downward and medially, and has the tendency towards a medial displacement
of the acromion.

A thin, fibrous sleeve surrounds the joint, and additional

reinforcement is given by the coracoclavicular ligaments and from the superior
and~!o/ior-a'crQmiociavicular

ligaments. The acromioclavicular is a strong

ligament, supporting a relatively weak capsule. This ligament prevents
posterior displacement of the clavicle on the acromion. The coracoclavicular
ligament provides strength to the acromioclavicular joint. It consists of two
parts, the conoid and trapezoid ligament. These ligaments permit 30° of
clavicular axial rotation, which helps to maintain a constant relationship of the
scapula to the clavicle.
The following movements during flexion and abduction of the
glenohumeral joint that occur at the acromioclavicular joint is singular elevation
of the clavicle; the angle between the clavicle and the scapula is decreased
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from 60° to 50°; and posterior axial rotation of the clavicle, 45° (this will result in
30° of scapular movement).21
The coracoclavicular joint is an amphiarthrodial, syndesmotic joint that
permits only slight movement. 1,17 It serves an important function in suspending
the scapula and clavicle and also in giving additional strength to the
acromioclavicular joint. The coracoclavicular ligament joins the coracoid
process and the clavicle, and because of the rotation of the clavicle on its long
axis, the ligament develops some slack. This slack permits movement of the
scapula at the acromioclavicular joint to take place.
The glenohumeral joint (shoulder joint) is an enarthrodial joint in which
the round head of the humerus articulates with the shallow glenoid cavity of the
scapula (Figure 2.2.).1,17 The glenoid cavity of the scapula is biconcave
vertically and transversely. The head of the humerus is ovoid. The humeral
head forms one third of a sphere and faces medially, superiorly, and posteriorly.
The fibrous capsule extends from just proximal to the glenoid labrum to the
anatomical neck of the humerus. It is a loose capsule and is thickened
anteriorly by the glenohumeral ligaments and superiorly by the coraco-humeral
ligament. The capsule will allow a lateral distraction of approximately 2 to 3 cm.
The capsule is not responsible for holding the head of the humerus in the
glenoid cavity. The glenohumeral joint is maintained by both active and passive
mechanisms; the active mechanism referring to the deltoid and rotator cuff

/
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Fig 2.2.-The glenohumeral joint. (Reprinted with permission from Ciba
Pharr(1?ceuticals Division, The Atlas of Human Anatomy, and The Ciba
Collection of Medical Illustrations, Ciba-Geigy Corporation, Summit, NJ.)
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muscles, and the passive mechanism referring to the glenoid labrum and
capsular ligaments. The tendons of the rotator cuff muscles lie in a circular
pattern around the humeral head.
The ligaments of the glenohumeral joint consist of the glenohumeral,
coracohumeral, and coracoacromial Iigaments. 1,17,18 The glenohumeral ligament
consists of three bands, which reinforce the anterior capsule. This ligament
becomes taut with external rotation and abduction. The coracohumeral
ligament is positioned from the coracoid process to the greater tubercle and
blends with the supraspinatus tendon. This ligament prevents downward
displacement of the humeral head. The coracoacromial ligament prevents injury
to the glenohumeral joint from above, and also prevents upward displacement
of the humerus.
Several bursae are located around the shoulder joint, the most important
of which is the subacromial (subdeltoid) bursa. 1,17 The subacromial bursae
extends down between the deltoid and the greater tubercle and is reinforced by
the supraspinous tendon. It is easily subjected to traumatization by the deltoid
muscle, which, as it contracts, may force the deeply seated bursa against the
acromial shelf. It does not communicate with the joint. The subscapularis
communicates with the joint and lies between the tendon of the subscapularis
and the neck of the scapula. The flexion and abduction motion causes inferior
glide and lateral rotation of the humerus; external rotation causes anterior
humeral glide; internal rotation causes posterior humeral glide; horizontal
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adduction causes posterior humeral glide; and horizontal abduction causes
anterior humeral glide.
The muscles that cross the shoulder joint assist in establishing stability to
compensate for the weak bony and ligamentous arrangement (Figure 2.3.).19
They may be separated into two groups, one comprised of the more superficial
muscles and the other composed of the deeper muscles. The superficial
muscles arise from the thorax and shoulder complex and attach to the humeral
shaft. These muscles are the deltoid, greater pectoral, latissimus dorsi, and
teres major. The deeper muscles originate from the scapula and attach to the
humeral head. These muscles include the supraspinatus, infraspinatus,
subscapular, teres minor, and teres major muscles (Figure 2.4.). These
muscles constitute the short rotator muscles, whose tendons adhere to the
articular capsule and serve as reinforcing structures.
All the various components of the shoulder complex must move together
rhythmically to perform a specific movement. 20,21 The ratio of arm movement to
scapular movement is considered to be approximately 2: 1. With abduction from
0° to 30°, the scapula is "set" against the thoracic wall. From 30° to 1800 of
abduction, 5° of scapular motion occurs for every 10° of humeral motion. The
scapula rotates upward as well as forward on the thorax. The early part of
scapulo-thoracic motion is secondary to elevation of the clavicle at the
sternoclavicular joint and narrowing of the acromioclavicular joint. As the
scapula rotates upward, the acromioclavicular joint will close, tightening the
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Fig 2.3.-Muscles of the shoulder. (Reprinted with permission from Ciba
Pharmaceuticals Division, The Atlas of Human Anatomy, and The Ciba
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coracoclavicular ligament. This causes a posterior axial rotation of the clavicle.
This rotation occurs primarily at the sternoclavicular joint. Between 900 to 1200 ,
motion at the acromioclavicular stops. The humerus glides inferiorly in the
glenoid and stays positioned with the scapula. Initially there is a medial rotation
of the humerus to stay positioned with the scapula in the frontal plane, then a
lateral rotation occurs so that the greater tuberosity can clear under the
acromion. Extension at the thoracic and cervical spine occurs with bilateral
shoulder abduction. Unilateral abduction results in extension and contralateral
sidebending.
The mechanical significance of scapular movement is that scapula
rotation occurs to maintain glenohumeral joint stability, and the greatest
efficiency of the deltoid muscle. 21 Scapular rotation keeps the deltoid at its
optimal length for tension production (which is its resting length). If no scapular
rotation occurs, then the deltoid shortens and tension production is reduced.
This principle also applies to the rotator cuff.
This complex arrangement allows the glenohumeral joint to be the most
mobile in the body with the humerus capable of being moved through a space
exceeding a hemisphere.22 It is this extreme range of motion that renders the
shoulder joint the most unstable joint in the body.23 Since the glenohumeral
joint is designed for mobility, it allows the hand to be placed at nearly any point
in space. The mobility can be attributed to the shallow glenoid fossa, the large
and spherical humeral head, and capsular laxity.24 The capsule surrounding the
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glenohumeral joint has a volume twice as big as the head of the humerus. This
looseness of structures also contributes to the laxity or lack of stability of the
joint. Anterior instability is the result of laxity of the anterior capsular ligaments,
particularly the inferior glenohumeral ligament. This ligament may become
attenuated, or may become avulsed by itself or with the labral tissue (Bankart
lesion). The stability of the shoulder joint depends primarily on soft tissues,
such as muscles and Iigaments,10,14,21,25,26,27 and to a minor degree the skeletal
structure. 10 To restore stability after recurrent dislocation, soft-tissue surgical
reconstructions are often used. 6 ,7
Stability is provided by the interrelated components of three separate
anatomic structures. 1 It consist of bony structures (fibrocartilaginous labrum),
capsule and ligamentous restraints, and lastly neuromuscular control (dynamic
control of the rotator cuff and scapular muscles and internal pressure gradient).
The bony structures provide static stabilization. 1,17 The ball and socket
joint articulation are composed of large convex shaped humeral head within a
small concave glenoid fossa. The orientation of the glenohumeral joint directly
affects stability. The fossa faces slightly superior, anterior, and lateral. The
head of the humerus faces upward, tilts medially approximately 45° and is
positioned 30° posterior to the frontal plane. The glenoid labrum surrounds the
glenoid fossa and deepens the fossa for the humeral head. Posteriorly and
superiorly, the joint is reinforced by tendons of the rotator cuff. These tendons
are closely attached to the posterior and superior capsules. The ligamentous
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restraints also provide static stabilization. The superior, middle, and inferior
glenohumeral ligaments are thickenings in the capsule and provide some
additional anterior stability.
The neuromuscular control provides dynamic stabilization. 1•17 The
muscles of the shoulder provide passive glenohumeral joint tension. The active
rotator cuff contraction results in a centering of the humeral head in the glenoid
fossa, which enhances glenohumeral joint stabilization. The supraspinatus
compresses the humeral head in the glenoid, and in combination with the
infraspinatus and long head of the biceps, functions to depress the humeral
head and resist shear force caused by the deltoid during elevation.
The anterior aspect of the glenohumeral joint is primarily stabilized by the
subscapularis tendon, labrum, and glenohumeral Iigaments. 24 The
subscapularis attaches to the lesser tuberosity of the humerus, after spanning
the anterior aspect of the humeral head. The anterior glenohumeral ligaments
are intrinsic ligaments which are divided into three parts: superior, middle, and
inferior.28 The ligaments form a "Z" shape in front of the joint capsule and
actually appear as thickenings of the capsule. The superior band runs from the
upper border of the glenoid fossa over the humeral head; the middle portion
extends from the upper margin of the glenoid fossa directed diagonally and
laterally to the anterior surface of the head of the humerus; the inferior band
runs horizontally from the anterior edge of the glenoid fossa and below the
humeral head.
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The configuration of the three bands leaves the potential for weaknesses
in the joint capsule. 28 The space between the middle and superior bands is
referred to as the foramen of Weitbrecht. This foramena contributes to the
instability of the anterior capsule.
Biomechanics of Injury

The importance of the glenohumeral ligament labrum complex has been
known since the original description by Broca and Hartman30 in 1890 and has
been popularized by Perthes31 and Bankart. 32 Anatomic and biomechanical
studies by Turkel et al33 and O'Brien et al (unpublished data, 1991) have
demonstrated the importance of arm position in the capsular restraint to
glenohumeral instability. The anterior and inferior /abra are the interface
between the glenoid and the inferior glenohumeral ligament complex. The
inferior glenohumeral ligament is divided into an anterior band, the axillary
pouch, and a posterior band. Trauma to this complex can, as with all
ligamentous structures, produce instability by plastic deformation or sprain
rupture, avulsion, or a combination of these. It can be very difficult to determine
which form of disruption has occurred when the shoulder is examined months
or years after the original injury. This is especially true with recurrent
instability.34
Instability may be classified according to the direction of instability
(anterior, posterior, multidirectional), the degree of instability (subluxation,
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dislocation), the etiology (traumatic, atraumatic, overuse), and the timing (acute,
recurrent, fixed).29
Injuries of the shoulder usually occur with the arm in abduction, and
external rotation. 1,35,36 The forces of the impact are usually unexpected so that
the anterior muscles of the shoulder (subscapularis) cannot provide ample
reinforcement. The acromion forms the fulcrum for the dislocation. The shaft of
the humerus forms the long lever arm and the upper humerus forms the short
lever arm. The long lever is thrust upward until it impinges on the acromion
and causes the humeral head to tilt downward against the inferior and anterior
parts of the capsule. The head of the humerus is thrust through one of the
foramen in the capsule and beneath the subscapularis. The humeral head
comes to rest beneath the coracoid process after it has torn through the inferior
portion of the capsule, thus the name subcoracoid dislocation.
Recurrent dislocations of the shoulder are evidence of an imbalance in
the stabilizing structures or a lack of static and/or dynamic stability of the
shoulder. Several theories have been developed concerning the cause of
recurrent dislocations. Bankart37 proposed that the original injury to the glenoid
labrum and the joint capsule predisposes the patient to the recurrent problems,
due to the fact that the tearing of the capsule and the rim of the glenoid is too
severe for repair to take place. Therefore causing re-dislocation may occur
easily. De Palma38 proposed that the trauma to the muscular components,
especially the rotators of the shoulder, results in a loss of tonicity and efficiency
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which results in predisposition to recurrent dislocation. As early as 1906,
Perthes31 considered the detachment of the labrum to be the essential lesion in
recurrent dislocation.
In 1938, Bankart37 described two types of acute dislocation. Recurrent
dislocation was most often preceded by tearing of the labrum, capsule, and
periosteum from the anterior surface of the neck of the scapula. Since these
structures do not heal well, Bankart proposed that permanent dislocation
results. He referred to this traumatic detachment of the glenoid labrum as a
"Bankart lesion." The presence of the Bankart lesion, defined as a separation of
the glenohumeral ligament-labrum complex from the anterior glenoid rim and
scapular neck, has been reported in a very high percentage (>90%) of
traumatic anterior shoulder dislocations treated operatively.

39-46

According to Bost and Inman,47 the following triad of lesions is
consistently present: (1) detachment of the anterior part of the glenoid labrum,
and of the capsule, (2) a defect in the posteriolateral aspect of the humeral
head (Hill-Sachs lesion), and (3) erosion or fractures of the anterior rim of the
glenoid. When these three lesions are present simultaneously, the humeral
head is supported only by the shallow glenoid cavity.
More recent studies have indicated that when a defect existed in the
posteriolateral aspect of the humeral head, the shoulder may be dislocated
recurrently even when the labrum has not become detached. 38 This defect has
been referred to as an "essential lesion." Dislocations may recur even after the
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capsule and labrum have been repaired, unless external rotation of the humerus
has been limited by surgery. Although this defect in the humeral head is found
in a large number of patients, it is believed not to be a frequent factor
influencing recurrent dislocation.
Secondary deficiencies may be important in producing recurrent
dislocations. 38 Commonly seen secondary deficiencies associated with
repeated dislocations are erosion of the anterior glenoid rim and stretching of
the anterior capsule and subscapularis tendon.
Therefore, it appears that there is no single "essential" lesion responsible
for every recurrent dislocation of the shoulders. In fact, failure to immobilize the
shoulder for three to four weeks after reduction of the initial dislocation was
once thought to be the chief cause of recurrence. 35 The general belief as to the
incidence of recurrence is that recurrence depends on the site and nature of
the damage at time of the initial dislocation. Studies by Rowe35 suggested that
the greater the trauma causing the initial event, the lower the incidence of
recurrence. Another important factor is the age of the patient at the time of the
initial dislocation. Generally, the incidence of recurrence decreases as the age
of the patient at initial dislocation increases. 48
Complications Involved in Dislocation of the Shoulder
Complications of dislocations of the shoulder include fractures of the
greater tuberosity and of the surgical neck with displacement. 18 Damage to the
axillary nerve, axillary vessels, and accompanying nerve trunks are other
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common complications, as well as tears of the rotator cuff muscle. Fractures to
the greater tuberosity of the humerus occur in about 20% of dislocations.
Usually, after the dislocation has been reduced, the greater tuberosity returns to
good anatomical position. A fracture displacement of the surgical neck with a
dislocated humeral head is a highly complicated injury. In the majority of
incidences, open reduction of the humeral head is necessary. Other fractures
can occur with dislocations of the glenohumeral joint. These include fractures
of the coracoid process, the acromion, and the glenoid labrum which has
already been alluded to.
Damage to the axillary nerve by the humeral head as it leaves the
glenohumeral joint occurs in about 15% of dislocations. 18,49 Anesthesia in the
sensory distribution of the axillary nerve is the first sign of this condition. Later,
the deltoid muscle may be found to be paralyzed. Following axillary nerve
damage, return is usually complete, since the nerve is usually bruised and not
torn. Trauma to the axillary vessels and nerve trunks can occur also. However,
these vessels are generally only bruised and motor or sensory deficits tend to
disappear almost spontaneously. Complications such as rotator cuff tears must
be surgically treated to reestablish proper mechanics of the joint.
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Common Surgical Procedures for Recurrent Anterior Shoulder
Dislocation of the Glenohumeral Joint

Although initial dislocation can be reduced nonoperatively, recurrent
dislocations must be treated with surgical intervention. 37 And, since no single
deficiency in the shoulder is responsible for every recurrent lesion, no single
operation can be applied to every patient. In fact, more than 150 operations,
and many modifications of these, have been devised to treat the recurrent
anterior dislocation of the shoulder. Some of the more commonly used
operations include the procedures of Bankart, Bristow, du Toit and Roux, PuttiPlatt, Magnuson-Stack, Eden-Hybbinette, and Oudard-Iwahara. The operations
that will be discussed in general will be Magnuson's, Putti-Platt, Bankart's, and
the Japanese method referred to as Oudard-Iwahara. A more detailed
description of the Bristow procedure will follow. Several surgeons reserve the
Bristow method for athletic individuals who want as much external rotation as
possible. 4 This procedure is used for the athletic rehabilitation protocol in this
case.
A review of the literature suggested that Magnuson's procedure is the
simplest of all operative procedures for recurrent shoulder dislocations. 50
Magnuson's procedure begins by making a backwards "S"-shaped anterior
incision. The dissection through the interval between the deltoid and the
pectoralis major brings the subscapularis tendon into view. A short incision is
made between the subscapularis and the supraspinatus, and a second incision
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of the same size is made along the lower border of the subscapularis. Finally,
an incision is made through the subscapularis tendon near the insertion by the
bicipital groove. The humerus is then rotated internally and the top layer of
cortical bone is removed below the greater tuberosity. The subscapularis
tendon is stapled to this area. The repair is completed with sutures
approximating the upper border of the subscapularis to the supraspinatus and
the lower border to the inferior capsular tissues. This operation tightens the
subscapularis and the anterior capsule while limiting external rotation by
changing the insertion of the subscapularis.
The Putti-Platt procedure utilizes a standard anterior deltopectoral incision
to expose the area. 51 The clavicular origin of the deltoid is incised leaving a
short segment attached to make resuturing easier. The coracoid process is
osteotomized at its tip with the muscular attachments of the pectoralis minor
and coracobrachialis left intact. This is retracted medially. The subscapularis
tendon is divided one inch medial to its insertion at the lesser tuberosity. The
capsule is divided vertically at the same level. The lateral capsule and
subscapularis tendon are sutured to the inferior surface of the medial capsule
and glenoid rim. The medial capsule is then sutured anterior to this. The
subscapularis tendon is then reattached to the lesser tuberosity to limit external
rotation. The tip of the coracoid process is then reattached via a screw which
fits into a previously drilled hole. The end result is a reefed shoulder capsule
with a shortened subscapularis tendon. This positions three structures in front
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of the anterior distal portion of the glenoid to prevent dislocation: (1) the
tendon of the subscapularis, (2) a tightened capsule, and (3) a more taut
subscapularis muscle. 52
The Bankart operation is a more complex procedure, but special
instruments such as the Bankart retractor and a dental drill make the operation
easier. 5 ,37 The Bankart operation is appropriate where the only deficiency is
detachment of the labrum and capsule. The operation involves reattaching the
glenoid labrum and the anterior portion of the capsule to the rim of the glenoid
cavity with sutures passed through holes in the glenoid rim. The passage to
the joint capsule is created with a similar anterior approach and osteotomy of
the coracoid process. The subscapularis tendon is separated from the capsule
and divided near the lesser tuberosity. The capsule is divided to expose the
jOint, making sure enough of the medial capsule is left so that it can be made to
overlap the lateral part. Using a dentist's drill, three or four holes in the rim are
made, following a roughening of the rim of the glenoid. With the shoulder
abducted and externally rotated slightly, the lateral part of the capsule is
overlapped and sutured to the roughened surface of the glenoid. Then the
medial part of the capsule is overlapped and sutured to the lateral part. The
subscapularis tendon is sutured in its original position and the tip of the
coracoid is reattached with one screw. The remaining wound is closed with
multiple sutures.
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Yamamoto53 described a modified Oudard-Iwahara operation for
recurrent dislocations which resembles a modified Bristow technique. For this
operation, a standard anterior incision is made over the medial border of the
deltoid and extends toward the coracoid process. Blunt dissection is carried
out between the deltoid and the pectoralis major muscles down to the coracoid
process. The coracoid is divided longitudinally in the middle. The conjoined
tendon of the coracobrachialis and short head of the biceps is also divided in
the middle in an extension of the split of the coracoid process. A bone graft
with periosteum attached is taken from the iliac crest. The graft is placed with
the attached periosteum facing up and it is driven into the slit by gently tapping.
The tail of the graft is embedded in the muscle substance. The coracoid
process and the conjoined tendon are closed over the graft with sutures. 54 The
success of this operation is attributed to two possible mechanisms. The
augmented coracoid process can act as a mechanical block preventing the
humeral head from sliding over the anterior edge of the glenoid fossa.
Secondly, the graft sits on the subscapularis muscle and enhances the tone for
this muscle by compression. The method was developed to provide an easy,
efficient procedure that would preserve full joint mobility.
For all of the above procedures and the following one, an axillary
approach can be used to expose the glenohumeral joint. This method has
become popular for cosmetic reasons as the scar is hidden in the axilla when
the arm is hung by the side of the arm.

26

Detailed Bristow Surgical Procedure

The following detailed discussion of the Bristow procedure is
paraphrased from Campbell's Operative Orthopedics,37 Hovelius's article in
Surgery of the Shoulder, 54 and An Atlas of Surgical Exposures of the
Extremities. 55 The Bristow procedure was chosen for a repair of an athlete's
shoulder instability in this case. Therefore, limitations in rehabilitation of the
surgical procedure will be based on the limitations produced by the surgery
itself to allow proper healing.
The patient is prepped for surgery according to the standard preparation
techniques. 37.54 •55 The shoulder of the patient is elevated under the affected
shoulder between the scapula and the spine with the use of padding to help
isolate the surgical site. The incision is made starting at the level of the lower
border of the clavicle continuing along the anterior margin of the deltoid down
to its insertion on the humerus. The cephalic vein and the deltopectoral groove
are located. The deltoid is retracted laterally and the pectoralis major is
retracted medially. The fascia over the coracobrachialis and short head of the
biceps is opened laterally, exposing the coracoid process. The tip of the
coracoid can be drilled at this time. The coracoid is osteotomized in an oblique
manner approximately one to three centimeters from its end leaving the
conjoined tendon attached. The insertions of the coracoacromial ligament and
the pectoralis minor are reflected off the superior surface prior to the
osteotomy.
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The tip of the coracoid process and the attached muscles are
dissociated from the surrounding tissue and reflected downward and
medially.37,54,55 These muscles must not be subjected to undue tension as it
may result in injury to the musculocutaneous nerve which enters the
coracobrachialis muscle along its axillary margin. The subscapularis muscle
passes forward and outward to insert onto the lesser tuberosity of the humerus.
The arm may need to be externally rotated to facilitate the next step.
The subscapularis tendon is separated from the underlying anterior
capsule of the joint with the aid of a director, and two sutures are placed at the
musculotendinous junction. 37 ,54,55 The tendon is then transected near the lesser
tubercle and the muscle is reflected medially and forward to expose the anterior
aspect of the shoulder joint. The anterior humeral circumflex artery is located
directly distal to the tendon and must not be transected.
The capsule of the shoulder joint is opened by a curved incision running
parallel with the anterior margin of the glenoid. 37 ,54,55 The head of the humerus
is brought into view by rotating the arm externally. In this position, the intraarticular structures can be explored, repaired, and loose bodies removed.
Medial exposure of the anterior scapular neck is necessary for proper
placement of the transferred coracoid. 37,54,55 An incision is made in the
periosteum of the anterior scapular neck and all soft tissue is removed down to
the bone at the transfer site. A small hole, 3.2 mm, is drilled into the
anteroinferior portion of the scapular neck and the tip of the coracoid.

28
The transferred coracoid tip is then positioned, through the horizontal incision in
the subscapularis, onto the neck of the scapula. 37,54,55 The capsule is closed
with multiple interrupted sutures. A large lag screw of appropriate length is
used to fix the coracoid tip near the anterior rim of the glenoid. After the
transfer is fixed, the split in the subscapularis is closed and the deltopectoral
fascia is re-approximated. The subcutaneous tissue and skin is then reapproximated appropriately.
The transfer of the coracoid through the subscapularis tendon prevents
the shoulder from dislocation via one or all of the following three
mechanisms. 37 ,54,55 The three mechanisms are a bone block effect, a dynamic
sling effect of the conjoined tendons around the humeral head, and retention of
the subscapularis muscle over the inferior part of the joint. 54 The coracoid in its
transferred position creates a dynamic buttress, via the transferred tendons,
across the anterior and inferior aspect of the joint when the shoulder is in the
vulnerable position of abduction with external rotation. 5 Osseous union
probably occurs in only 50% to 75% of the patients. However, because firm
fibrous union occurs in the remainder, few if any problems with nonunion have
been seen. 54
Clinical Implications For Athletes Following
A Bristow Procedure in an Outline of Procedures Format

General post-surgical guidelines are as follows. A sling-and-swathe
bandage is worn for one week with the swathe portion of the dressing being
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removed after about two weeks. A sling is worn for an additional three to four
weeks (sutures are removed after the second week post-operation). Active
elbow extension is not allowed for six to eight weeks due to the osteotomized
coracoid. Passive extension of the elbow is allowed and encouraged.
Circumduction exercises (Codman's) are allowed sometime between the third
and sixth week. After the sixth week, increasing range of motion exercises
without weights are permitted. And, at eight weeks, provided that x-rays and
roentgenorams show normal healing, unlimited activity can begin with cautious
progression based on signs and symptoms. No sporting activities are allowed
before four months post-surgery.52
Periodic roentgenograms are recommended to note any change of
position? This change can occur in the transferred coracoid or the screw.
Physical therapy intervention usually precedes the actual surgical
procedure. 37 Evaluation of the patient is conducted to collect a data base for
comparison with data following surgery and immobilization. The patient is also
taught several exercises which would be used early in the rehabilitation process.
General strengthening exercises are prescribed for increasing the strength of
the upper extremity and the upper body.
The pre-operative evaluation includes several different dimensions. It may
encompass, but is not limited to observational data, assessment of range of
motion, strength, flexibility, joint play, and neuromuscular status.
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A safe but vigorous isotonic and isokinetic exercise program is then
initiated. Cybex data are collected for flexion, extension, abduction to 90°,
adduction, and internal and external rotation in the modified neutral pOSition, as
described by Davies,56 for both shoulders. The patient is taught gentle
isometric exercises for all shoulder and elbow motions, with the arm adducted
and internally rotated, (the position of the arm while in the sling). The general
plan of care is discussed with the patient and all precautions and
contraindications to movement following the operation are reviewed and
explained. The patient is also instructed in the operation of a transcutaneous
electrical neuromuscular stimulation (TENS) unit.
Physical therapy is initiated one day after surgery.37 The goals of the
immediate treatment are to: (1) protect and rest the surgical site, (2) decrease
post-surgical pain and edema, (3) prevent excessive limitation of motion, and

(4) decrease muscle atrophy.
Recommended Rehabilitation Protocol Following Bristow
Week 1 - Goals
Protect and rest shoulder
• Immobilize in sling
Decrease pain
• Medications
• Use of TENS to gait pain at the spinal level, electrodes over the
anterior-inferior acromion
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Decrease edema
• Elevate head of bed above horizontal
Safely prevent limitation of motion
• Pain free passive range of motion (PROM) of elbow motions
• Gentle mobilizations: lateral traction, posterior glide, and caudal
glide; anterior glide in contraindicated
Decrease muscle atrophy
• Gentle isometric muscle-setting with arm in sling
• 1 set of 10, two times per day for elbow motion
Week 2 - Goals
Protect and rest as above
Decrease pain - as before, trying to decrease time of use
Decrease stiffness
\.

• PROM and gentle mobilization as before
• Remove sling when supine to allow extended position of elbow
Decrease muscle atrophy as above
Week 3-4 - Goals
Protect and rest
Increase pain free range of motion (PROM) as before
• Include small passive circumduction exercises with sling on while
standing 2 to 3 minutes three times per day

/
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Decrease muscle atrophy
•

Neuromuscular stimulator, electrodes over middle and anterior
deltoids, for 6 hours per time

•

Begin isometrics to shoulder muscle with shoulder in full internal
rotation in a sling, 1 set of 10 each motion two times per day

• Squeeze tennis ball with bent elbow at 90° to help prevent
shoulder-hand syndrome
Cardiovascular fitness
•

Ride Fitron at beginner's level for 15 to 20 minutes three times per
week; keep shoulder in sling

Decrease inflammation
•

Ice pack 15 to 20 minutes post-treatment session

Weeks 5-6 - Goals
Roentgenograms are taken of the shoulder to assure good healing
and proper alignment of the screwed coracoid transfer and humeral
head. The sling may be removed with a physician's approval while in
therapy, but must be worn during intervals between therapy sessions.
Increase ROM
•

Easy continuous passive motion (CPM) and upper body exercise
(UBE) once a day; to provide articular cartilage nourishment,
stimulate joint mechanreceptors, facilitate synovial fluid lubrication
in the joint, prevent further adhesions, and provide self ROM
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• Codman's pendulums in bent over position, 2 times per day
• Grades 2 & 3 mobilizations as tolerated
Increase strength/decrease atrophy
• Active range of motion (AROM) or elbow flexion and extension in
supine position
• Isometrics over 20° of available ROM for overflow increase to 2
sets of ten
• Electrical stimulation (EStim) as before
Cardiovascular fitness
• As before except patient attempts to hold handle bars with both
hands
Decrease inflammation
• Ice as before
Weeks 7-9 - Goals

Increase ROM
• CPM as before
• Continue Codman's
• Grade 3 mobilizations if tolerated
• Self-ROM for flexion and extension and abduction using a
stockinet over a chin-up bar, 2 times per day while seated
Increase flexibility
• Wall climbing with fingers, into flexion and abduction

34

• Passive stretching in supine with arm abducted and in external
rotation, hold 30 seconds 3 times per day
Increase strength
•

Progressive resistive exercises (PRE) isotonics with dumbbells for
internal rotation and external rotation with arm abducted and
elbow at 90°; flexion, extension, abduction, and adduction also,
emphasize eccentric control in lowering the weight

• Home program with surgical tubing over door for same
exercises as above
• Short arc isokinetic through intermediate velocity spectrum to
"catch" the machine, at 30° per second intervals for overflow
Mobilize scar
• Cross-transverse friction to break any myofascial adhesion
Cardiovascular fitness as above
Decrease inflammation as before
Weeks 9-10 - Goals
Re-evaluation is recommended as the patient's ROM is returning,
strength is increasing, and tissue healing time has been safely exceeded.
Cybex tests are performed at intermediate speeds for all motions of the
shoulder. Limits of extension, abduction, and external rotation are to be
expected due to the Bristow surgical procedure. The primary concern is
to increase the strength of the shoulder musculature, including the
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subscapularis, teres major, the anterior deltoid, the supraspinatus, the
middle deltoid, the latissimus dorsi, and the pectoralis major.
Increase strength
• Progression through full ROM, intermediate and fast contractile
velocity spectrums; progress via performance on 50/50 trials and
signs and symptoms
•

Isotonic PRE's on Nautilus/Eagle-type equipment

Increase ROM
•

Ultrasound to anterior capsule to help increase extensibility of
capsule

• Stretching techniques as before
Increase flexibility as before
Cardiovascular fitness
• USE for upper extremity fitness
• Jogging up to 2 to 3 miles, 3 times per week; concentrate on form
running with proper arm swing
Decrease inflammation as before

Weeks 11-12 - Goals
Continue with same program as in weeks 9-10, but substitute free
weights with a spotter for previous isotonic exercises to help rebuild
muscle bulk as well as isotonic strength. The emphasis now shifts to
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combining strengthening with activities towards return to their particular
sport.
Prepare for return to activity drills and sprinting, for example
Increase strength as before
Increase cardiovascular fitness
•

USE and distance running as before

Decrease inflammation as before

Week 13 to 4 Months Post-Surgery
Continue previous training protocol with daily progressions as
indicated by performance. The shoulder should be tested with isokinetic
equipment at the four month period as was previously done. The data
from the test are compared to the pre-surgical test, with the criteria for
return to the athletic as follows:
•

ROM must be with in normal limits (WNL) with the exception of
restriction to less than 20° in external rotation with the arm
abducted to 90°

• Restriction of less than 30° abduction
• Isokinetic strength WNL according to normative data
•

Bilateral comparison must be within 5%

Therefore, abductor strength, tested at 60° per second, must be 25%
of the athlete's body weight (BW), with adductors about 40% of BW. At
300° per second, abductors should be 15% of BW and adductors should
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be 35% of BW. Shoulder external rotation, tested at 60° per second with
arm at 90° of abduction, should be approximately 15% of BW, whereas
internal rotation should be near 25% of BW. At 300° per second, external
rotation is equal to 12% of BW and internal rotation is equal to 20% of
BW. Arnheim 1 stated that internal and external rotation torque should be
20% of BW.

• The athletes have to show good agility and good, coordinated use
of both upper extremities
• Most importantly, the athletes have to be pain and symptom free
Comparison of the Bristow and Bankart

As stated previously, more than 150 operations and many modifications
of some have been devised to treat traumatic recurrent anterior instability of the
\ shoulder. 18 With the abundant amount of surgeries follows a specific
\ rehabilitation program unique to each. It is important for health care workers to
recognize the differences for the benefit of the patient and surgery outcome.
After extensive research of the surgical operations for anterior shoulder
instability, I chose to compare the Bristow and Bankart procedures. Keep in
mind that no single operation is always successful in treating recurrent anterior
dislocation of the shoulder.
In these two surgical procedures, I will discuss: (1) the operation briefly.
(2) the advantages and disadvantages, and (3) post-operative rehabilitation.
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In the Bankart operation the detached articular structures that should
cushion and support the humeral head (the glenoid labrum and the anterior part
of the capsule) are reattached to the rim of the glenoid cavity by means of
sutures passed through holes in the rim.18 When the only pathologic condition
in a given patient is detachment of the labrum and capsule, this operation is
usually sufficient. But when a defect in the humeral head exists that interrupts
its proper articulation with its stability, then, regardless of whether the labrum
and capsule have become detached, an operation to limit external rotation is
usually necessary.
Bost and Inman 18 pointed out three technical disadvantages in the
Bankart operation. First, the glenoid-labrum is sometimes frayed and almost
absent so that replacing it is not always possible. Second, suturing the capsule
and labrum to the deeply placed anterior rim of the glenoid is difficult. Third,
the anterior part of the jOint capsule is sometimes thin and weak so that if forms
a relatively large defect that is hard to repair. When repair of the defect in the
capsule is discovered to be difficult, several alternatives are available.
Post-operative Rehabilitation: The limb is immobilized in a Velpeau
dressing or in a sling that prohibits external rotation. 18 At 2 to 3 weeks the
dressing or sling is removed during the day, but a sling is used at night for 3
weeks. Then rehabilitative exercises are begun. At 6 weeks, abduction of the
shoulder joint to 90° is allowed. At 8 to 12 weeks, the motion of the joint should
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be normal, except that abduction and external rotation may be slightly limited,
and often this is desirable.
In 1954, Late rj et18 described transfer of the coracoid process through the
subscapularis tendon as a method of treating recurrent anterior instability of the
shoulder. In 1958, Helfet18 described suturing of the coracoid process to the
anterior portion of the scapular neck through the transversely sectioned
subscapularis muscle. He termed this operation the Bristow procedure.
Mead,18 in 1964, described fixing the bone block to the anterior glenoid rim with
a screw. The transferred short head of the biceps and coracobrachialis
muscles are placed so as to produce a strong dynamic buttress across the
anterior and inferior aspects of the rotated position. The transfer, when passed
through a slit in the subscapularis muscle, also functions to hold the lower half
of the subscapularis muscle in position and not allow it to slip superiorly over
the humeral head when the shoulder is abducted. Also, the transferred
coracoid process mayor may not provide a bone block effect. The main
disadvantages of this procedure are: (1) internal rotation contracture is
produced, (2) any labrum or capsular pathologic condition is not corrected, (3)
injury to the musculocutaneous nerve is possible, (4) the subscapularis muscle
is relatively shortened and therefore internal rotation power is decreased, and 5)
external rotation is frequently limited, making return to a throwing activity
difficult.
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As analyzed by Hovelius et al,18 correct positioning of the transferred
coracoid process is critical to the success of the procedure. It must be near
but not over the anterior glenoid rim. Good results can be correlated with the
following criteria: (1) coracoid process is less than 5 mm medial to the glenoid
rim, (2) coracoid is positioned inferior to the transverse equator of the glenOid,
(3) bony union between the coracoid and scapula develops, (4) the fixation
screw purchases the posterior glenoid cortex, and (5) the screw does not
penetrate the articular surface. This procedure is indicated in patients with
( fracture or chronic erosion of the glenoid rim or deficient anterior
capsulomuscular support. The procedure is used to reinforce an anterior
capsular mechanism of poor quality in combination with other procedures to
repair a detached capsule or labrum.
Aftertreatment 18: A shoulder immobilizer is worn for 1 week. The
shoulder is then kept in a sling for an additional 3 to 4 weeks. Pendulum-type
exercises are begun for the shoulder at this time. Neither active nor passive
elbow extension is allowed for 6 weeks, but passive flexion is encouraged.
After 6 weeks, increasing range-of-motion exercises without weights are
prescribed. Periodic roentgenograms are recommended to note any change in
position of the transferred coracoid or the screw. Non-contact sports are
permitted at 6 months. To prevent complications, a loose screw should
probably be removed. Osseous union occurs in the remainder of the patients,
no problem with nonunion has been seen.

CHAPTER 3
CONCLUSION

The shoulder is a complex joint owing to the four joints which comprise it
and the great amount of mobility allowed. Because of its structure and mobility,
the shoulder has the potential for overuse, instability, and dislocation. The
glenohumeral joint must move in proper synchrony with the other joints of the
shoulder complex to allow normal range of motion. The muscles that cross the
shoulder joint assist in establishing stability to compensate for the weak bony
and ligamentous arrangement. Recurrent dislocations of the shoulder are
evidence of an imbalance in the stabilizing structures or a lack of static and/or
dynamic stability of the shoulder.
Shoulder dislocation account for up to 50% of all dislocations. 2 The
extreme range of all of its possible movements makes the shoulder joint highly
susceptible to dislocation. Most common shoulder dislocations occur
anteriorly.2 Of dislocations caused by direct trauma, 85% to 90% recur.4,5
Typical causes of shoulder instabilities are macrotrauma, atrauma,
microtrauma, congenital anomalies, and neuromuscular dysfunction. 1 These
conditions could be acute, recurrent, or chronic and occur as full luxations,
subluxation, or transient microtramatic or small-joint displacements. Recurrent
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anterior instability is classified into three subgroups: traumatic versus
atraumatic, voluntary versus involuntary, and subluxation versus dislocation.
The direct cause of anterior recurrent dislocation is a blow to the
posterior or posterolateral aspect of the shoulder.1 A common indirect cause of
the forced-abduction, external-rotation maneuver that forces the humeral head
out of the glenoid cavity. In an anterior glenohumeral dislocation, the head of
the humerus is forced out of its articular capsule in a forward direction past the
glenoid labrum and then downward to rest under the coracoid process. The
scope of the pathological process is quite extensive, with torn capsular and
ligamentous tissue, possibly tendinous avulsion of the rotator cuff muscles, and
profuse hemorrhage. A tear or detachment of the fibrocartilage labrum and
elevation of the anterior scapula's periosteum occur. Healing is usually slow,
and the detached labrum and capsule produce a permanent anterior defect
called a Bankart lesion. Another defect that occurs on the posterior lateral
aspect of the humeral head is the Hill-Sacks lesion. It is caused by the
compression of the cancellous bone of the head of the humerus against the
anterior glenoid rim through the process of dislocation. Additional
complications may arise if the head of the humerus comes into contact with and
injures the brachial nerves and vessels. The bicipital tendon also may be
subluxated from its canal as the result of a rupture of its transverse ligament.
A common complaint of an individual with anterior shoulder instability is
pain, especially while performing maneuvers in the at-risk position or when the
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upper extremity was placed in the abducted, externally rotated position, which
puts the joint at risk for injury.1 Immediately after a dislocation has occurred,
the individual is likely to hold the affected arm in slight abduction and external
rotation with inability to touch the opposite shoulder with the other hand. An
individual with recurrent shoulder dislocation may complain of pain, clicking, or
experience a dead arm syndrome.
Management of the recurrent anterior dislocation falls under the headings
of conservative and surgical treatment. 1,37 Conservative management of the
traumatic recurrent anterior instability consists of the return of range of motion
and strength. Surgical treatment is considered when a person's shoulder is
resistant to conservative treatment. The clinical criteria for surgical or
conservative treatment are not clear. However, one must consider both risks
and benefits of operative and nonoperative treatment. Improved neuromuscular
control and proprioception have never been proven to prevent instability during
uncontrolled or ballistic movements. Surgical stabilization might, therefore, be
crucial for regaining strength and range of motion and thus reconstituting
normal function in the shoulder with anterior instability.
There is no single operation that can be applied to every case, therefore
over 150 operations, and many modifications of these, have been devised to
treat the recurrent anterior dislocation of the shoulder.37 In this study, the
Bristow surgical procedure and rehabilitation protocol was described in detail
secondary to allowing an individual or athlete as much external rotation as
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possible upon return to sports. In addition, a comparison of the Bristow and
Bankart rehabilitation protocol was done to show the need to be aware of the
difference in protocols following specific types of surgeries.
It is necessary to know the limitations produced by surgical procedures
when rehabilitation is initiated. Tissue healing times must be noted to prevent
stressing the tissues and thus upsetting the procedure. Rehabilitation following
surgical repair of the anterior shoulder dislocation must be a cautious and
prudent progression to increase joint range of motion and muscular strength in
order to return individuals to optimum performance levels. By recognizing
instability as the primary etiologic factor for many forms of shoulder dysfunction
syndromes, an accurate diagnosis and efficient treatment plan of shoulder
disability in a group of athletes can be facilitated.
It is recognized that there are many controversies related to the
diagnosis and management of patients with anterior shoulder instability. There
are many controversial theories which imply a diversity of opinion. Ultimately, a
treatment option should be based on each individual's rehabilitation and
functional needs.
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